Objectives: To investigate the changes in post-meal plasma ghrelin levels in people with different breakfast hours. Design and interventions: The subjects adhered to strict breakfast times starting 2 weeks before the study. Blood was drawn hourly from 0530 or 0630 until 1130. Plasma ghrelin, leptin, and insulin levels were measured by radioimmunoassay. Setting: Medical Research Institute, Pusan National University Hospital, Korea. Subjects: A total of 16 healthy volunteers. Results: The mean plasma ghrelin level in subjects consuming breakfast was 548.77239.6 fmol/ml before breakfast and 384.87168.7 fmol/ml 1 h after breakfast, with leptin levels of 6.872.6 and 6.572.5 ng/ml, respectively. Plasma ghrelin levels were lowest 1 h after the meal, although the breakfast times differed. The plasma ghrelin level was lowest at 0730 in subjects not eating breakfast. Conclusions: These findings suggest that the plasma ghrelin levels are lowest 1 h after breakfast despite the variance in breakfast times. This timing might best reflect an individual's plasma ghrelin level and enable reasonable comparisons.
Introduction
Ghrelin, an endogenous ligand for the GH seretagogue receptor, was discovered in 1999. Surprisingly, it was discovered in the stomach, not the brain (Kojima et al, 1999) . Ghrelin is a 28-amino-acid peptide with an essential n-octanoyl modification at the Ser-3 residue. Ghrelin and its receptor are widely distributed in the body. Ghrelin is expressed in the intestine, from the stomach to the colon, and in the hypothalamus, pituitary gland, pancreas, kidney, liver, heart, and placenta, with the greatest concentration in the fundus of the stomach (Wang et al, 2002) . Recent studies have suggested that ghrelin plays an important role in energy homeostasis, body weight, and food intake. Ghrelin shows a unique diurnal variation, which is closely related to mealtime. Its level increases dramatically just before a meal and decreases within 1-4 h after the meal. However, many previous studies have examined the changes in plasma ghrelin levels after eating standardized meals with fixed calories at scheduled mealtimes (Cummings et al, 2001; Tschop et al, 2001; Shiiya et al, 2002) .
It is not easy to measure and interpret plasma ghrelin levels in an outpatient care setting, because people have different lifestyles and eat breakfast at different times. Hence, we investigated the change in plasma ghrelin levels in people with different breakfast hours, to provide a foundation for future studies in real life situations.
Methods

Subjects
A total of 16 Korean volunteers (15 men and one woman) aged 24-37 y (mean7s.d., 30.374.4) participated in the present study. This study was performed in accordance with the principles of the Declaration of Helsinki. None of the subjects had evidence of gastrointestinal disease or cachectic states, such as cancer, diabetes mellitus, thyroid disease, liver disease, renal disease, or infection, and all were clinically normal at the time of the study. None were on any medication, and none had abnormal eating habits. The subjects were advised to avoid alcohol and vigorous exercise for 24 h before the study.
Anthropometric measurements and body components
The height, weight, and waist circumference were measured, with the subjects wearing a light gown but no shoes. Body composition was measured using dual-energy X-ray absorptiometry (DEXA; Lunar prodigy, GE Medical Systems, Waukesha, WI, USA), which is a sensitive test for quantifying changes in lean and fat mass in vivo (Going, 1993) and assessing regional fat distribution (Taylor et al, 1998) . All the scans were analyzed with the software package l.35 (Lunar). The coefficients of variation (CV) were 2.6% for fat mass, 2.5% for total body fat percentage, o3% for regional fat measures, and 0.88% for lean mass (Taylor et al, 1998) .
Study design
The study protocol was approved by the Pusan National University Hospital Institutional Review Board. All the volunteers provided written informed consent before participation. Four subjects did not eat breakfast routinely, while the others ate breakfast at 0630, 0730, or 0830 h. Although the subjects might normally consume breakfast at a fixed time, they were asked to ensure that they adhered strictly to the given breakfast time for at least 2 weeks.
Blood samples of the subjects who did not consume breakfast were obtained every hour starting at 0630. Blood samples of the subjects who ate breakfast (400-600 kcal, 60% carbohydrate, 20% protein, and 20% fat) were collected every hour starting 1 h before breakfast until 1130. Blood was drawn into chilled tubes containing EDTA 2Na (1 mg/ml) and aprotinin (500 U/ml). Plasma was immediately separated by centrifugation at 41C and stored at À701C until assay.
Human plasma ghrelin was measured with a commercial radioimmunoassay (RIA) (Phoenix Pharmaceuticals, Inc., Belmont, CA, USA) that uses 125 I-labeled bioactive ghrelin as a trace molecule and a polyclonal antibody raised in rabbits against full-length, octanoylated human ghrelin. The inter-and intra-assay CV were less than 3.5 and 4.8%, respectively. The range of detection of this assay was between 10 and 1280 fmol per tube of human ghrelin. The RIA did not show any cross-reaction with human leptin. Insulin levels were measured by RIA (Diagnostic Products Corp., Los Angeles, CA, USA) using antibody-coated tubes. Glucose was measured by the glucose oxidase method using Synchron LX20 (Beckman Coulter, Inc., Fullerton, CA, USA). Plasma leptin concentrations were measured in duplicate using a double-antibody RIA (Linco Research Inc., St Charles, MO, USA). The limit of sensitivity for the human leptin assay was 0.5 ng/ml, and the intra-and interassay CV were 3.4-8.3 and 3.0-6.2%, respectively. All procedures were performed at 41C.
Statistical analyses
Groups of data (mean7s.d.) were compared using ANOVA and Scheffe's post hoc test. A P-value of less than 0.05 was considered statistically significant. Statistical analyses were performed using the SPSS statistical package (SPSS for windows 10.0; SPSS Inc., Chicago, IL, USA).
Results
The subjects had an average body mass index of 24. 973.1 kg/m 2 and a waist circumference of 88.079.6 cm.
The total body and truncal fat were 28.075.2 and 33.177.5%, respectively (Table 1) . The mean plasma ghrelin levels in subjects consuming breakfast were 548.77239.6 fmol/ml before breakfast and 384.87168.7 fmol/ml 1 h after breakfast, with leptin levels of 6.872.6 and 6.572.5 ng/ml, respectively. Compared with the concentrations measured before breakfast, the concentrations of ghrelin and leptin decreased 26.9714.8 and 6.876.8% 1 h after the meal, respectively.
In the subjects who do not consume breakfast, the plasma ghrelin reached its lowest concentration at 0730, although the levels of insulin and blood glucose did not vary. The plasma ghrelin levels in subjects consuming breakfast fell to trough levels within 1 h after breakfast (Figure 1 ).
Discussion
To examine the differences resulting from variation in breakfast time, the volunteers were asked to adhere strictly to their breakfast time for at least 2 weeks before the study. The breakfast time and calorie intake of the subjects differed. Our results indicated differences in plasma ghrelin levels with the different meal schedules. In the subjects who did not consume breakfast, the plasma ghrelin concentration was lowest at 0730, despite the absence of variation in insulin and blood glucose levels. It appears that the plasma ghrelin concentration decreases at a certain time, even if subjects do not eat. Unlike others consuming breakfast, there were no changes in insulin and blood glucose levels of the subjects who skipped breakfast. The subjects who ate breakfast showed some variations in the rate of increase in the insulin and blood glucose levels depending on the calorie intake and glycemic index, but the levels were usually highest 1 h after the meal. The plasma ghrelin concentration was lowest 1 h after breakfast; that is, subjects who ate breakfast at 0730 had the lowest concentrations at 0830 (Figure 1 ). Previous studies found marked individual variation in the changes in plasma ghrelin concentration after a standard meal, with the lowest concentration 1-4 h after the meal. Tschop et al (2001) reported that the plasma ghrelin levels were lowest 2 h after the meal, but Cummings et al (2001) reported that the lowest point was reached within 1 h after the meal. In contrast, Shiiya et al (2002) pointed out that the plasma ghrelin concentration declined to the very bottom 2 h after breakfast and 4 h after lunch and dinner. This variation is thought to result from differences in race, nutritional status (calorie intake), and blood glucose level. Leptin, on the other hand, showed no such pattern. At 1 h after the meal, the plasma ghrelin and leptin levels decreased to 26.9714.8 and 6.876.8%, respectively, in the subjects who ate breakfast. In contrast to the study of Cummings et al (2001) , the magnitude of the decrease in the post-meal plasma ghrelin concentration in this study is less than 54%, whereas the magnitude of the decrease in leptin was somewhat similar.
The ghrelin levels measured at the 0930 trough after breakfast correlated with individual 24-h integrated area under the curve (AUC), ghrelin values (Cummings et al 2001) . In conclusion, the plasma ghrelin levels fall to lowest levels within 1 h after breakfast despite the variance in breakfast times. This timing might best reflect an individual's plasma ghrelin level and enable reasonable comparisons. However, due to the limited number of subjects for each fixed breakfast time group, further studies with larger numbers of the subjects are needed to confirm these results. 
